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CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] The present application is a continuation-in-part (CIP) of copending U.S. 

Application No. 09/344,897 filed June 22, 1999, and which is incorporated herein 
by reference in its entirety. 

TECHNICAL FIELD 

[0002] The present invention relates generally to methods for the analysis of a 

person's handwriting, and, more particularly, to analysis of handwriting using a 
computer-assisted methodology. 

BACKGROUND 

[0003] The analysis of handwriting, referred to as graphoanalysis, is ordinarily 

conducted for one of two purposes: (a) comparison of handwriting samples to 
determine whether or not the writer is the same person in both instances, and 
(b) evaluation of the person's writing relative to predetermined criteria to ascertain 
one or more aspects of the writer's personality, such as emotional characteristics. 
Examples of the first category often include law enforcement work, such as the 
determination of whether or not a signature or document is a forgery, or 
determination of whether a document was written by a suspected person. 
Examples of the second category, in turn, include evaluation of a person's 
personality and emotional responsiveness to determine their suitability for 
employment in a position requiring particular skills or personality traits, or their 
assignment to work with a certain group of people or to perform certain tasks. 

[0004] Both categories of analysis require obtaining extensive, painstaking 

measurements on one or more handwriting specimens. In the first category, that 
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of determining whether or not a particular person wrote a certain document, 
numerous, often minute details of the person's writing must be measured and 
cataloged, much in the manner of fingerprint analysis. In the second type of work, 
that of determining a person's personality or emotional characteristics, multiple 
measurements of certain features of the writing are taken and then analyzed 
statistically for comparison with the predetermined standards, which for the most 
part have been derived on an empirical basis from the analysis of handwriting 
produced by various persons having known personalities or emotional 
characteristics. 

[0005] While graphoanalysis for these and other purposes is a valued tool in 

many industries/fields, its widespread use has become increasingly hampered by 
the fact that the necessary measurements have up to this time been performed 
almost invariably by manual means, using a magnifying glass, ruler, protractor, 
pencil, and other unsophisticated tools. For example, to perform a personality 
analysis, the graphoanalyst must use a ruler or similar guide to determine the 
base line of the writing, visually determine certain key points on various letters, 
and then measure the slant angle of scores or even hundreds of these letters 
visually using a protractor; as with most forms of statistical analysis, a fairly high 
number of measurements is required to form a basis for a reliable analysis. The 
great deal of time and labor which must thus be spent to professionally analyze 
even a single person's handwriting, especially in view of rapidly rising labor costs, 
has often rendered this otherwise valuable tool uneconomical for use in all but the 
most important cases. Moreover, since the manual measurement techniques 
require drawing various lines and marks on the writing sample using a pencil or 
other writing instrument, these necessarily deface and/or damage the original to 
one extent or another, which renders obtaining subsequent measurements (e.g., 
by a second graphoanalyst) more difficult and otherwise decreases the 
usefulness of the original document. 

[0006] Perhaps an even more serious problem is the degree of variability and 

sometimes inaccuracy which is inherent in the conventional, manual 
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graphoanalysis techniques. Human judgment and therefore human error is 
invariably involved to some extent in such techniques, and therefore the quality of 
the analysis is heavily dependent on the manual skills of the individual 
graphoanalyst. Moreover, since each analysis often requires hundreds of 
measurements, fatigue often become a significant factor, and can impair the 
efforts of even the most skilled practitioner. Still further, determining the base line 
and measurement points on the handwriting specimens is a high subjective 
process, which results in a high degree of variability between the measurements 
taken from the same sample by different analysts. Not only do these various 
factors impact the accuracy of each analysis, they also make it difficult to properly 
compare the measurements to the precise standards which are necessary for a 
proper determination of personality/emotional characteristics. 
[0007] As a result, although the value of graphoanalysis is well established, 

particularly in Europe (for example, handwriting analysis is used in employment 
screening for 40% of job applicants in Great Britain, and for 80% of applicants in 
France and Israel), the inefficiencies, inaccuracies and variabilities which are 
inherent in the manual measurement techniques have stymied its further, 
widespread application. For example, graphoanalysis is potentially an extremely 
valuable tool for the human resources departments of commercial enterprises and 
governmental agencies, to help determine the suitability of a person for 
employment or assignment to a particular position or team, but the existing 
problems with cost and accuracy have thus far limited its adoption in these 
arenas. 

[0008] Similarly, the difficulty in obtaining economical, accurate analysis of 

handwriting specimens has rendered this resource unavailable to many criminal 
and civil investigators, and this has been a particular problem for police 
departments which are located outside of major metropolitan areas, where both 
the availability of skilled graphoanalysts and departmental budgets are often 
limited. 
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[0009] Accordingly, there exists a need for a method for measurement one or 

more characteristics of a handwriting specimen which does not require these 
measurements to be performed manually, and which therefore eliminates the 
element of inaccuracy and variability in. these measurements. Furthermore, there 
exists a need for such a method which enables large numbers of such 
measurements to be taken, compiled, and analyzed quickly and economically. 
Still further, there exists a need for such a method which enables such 
measurements to be taken in a standardized manner, so that these can be 
compared with confidence to precise, predetermined standards which assign 
personality characteristics or other elements to such measurements. Still further, 
there exists a need for such a method which permits such measurements to be 
taken and used by a trained graphoanalyst who is not necessarily located in the 
vicinity as the client or other requester, so as to make this resource more readily 
available to entities located outside of major metropolitan areas. 

SUMMARY 

[0010] The present invention has solved the problems cited above, and is a 

method for accurate and quantitative analysis of a handwriting sample. 

[0011] The first step in the method is to create a digital bit-map of the handwriting 

sample, as by using an electronic scanner or digital camera. The bit-map file is 
then used to create a digital image of the writing sample, and a cursor is used to 
mark selected points on elements of the writing for measurement. The 
measurements include determination of the slant angle of strokes in the 
handwriting and measurement of heights of the major areas of the writing. 

[0012] The measurements are tabulated and/or categorized according to a 

predetermined scheme, and these results are then compared with a 
predetermined standard for determining certain characteristics relating to the 
person who produced the handwriting sample. 

[0013] The slant angle measurements can be made by using the cursor establish 

a base line for each stroke and a second line between a starting point where the 
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stroke lifts off the base line of the stroke, and an ending point where the stroke 
ceases to rise, and then calculating the angle between the two lines. The cursor 
may also be used to mark the tops of the letters for measuring the height of the 
areas of the writing, by calculating the vertical distance between the tops of the 
letters and base line. 

[0014] The moving cursor may preferably be a feeler cursor, which moves 

upwardly or downwardly across the display from its release point to the point 
where the writing begins, so that operator can simply position the cursor above or 
below the appropriate point on the writing and the cursor will then move upwardly 
or downwardly automatically to accurately identify and mark the upper/lower end 
of the stroke. 

[0015] The method may also include the step of measuring the relative darkness 

of the pen or pencil line which forms a stroke, by using a cursor to take a cut 
taken across the stroke and then translating the measured gray-scale darkness at 
each point so as to form a two-dimensional display, in which the depth of points 
along a "valley" (or, in some embodiments, an upwardly projecting "ridge") 
represent the darknesses of the points relative to the paper. 

[0016] The depth measurements may be tabulated and analyzed in a manner 

similar to the angle and height measurements. Moreover, the two-dimensional 
display may be divided vertically from its lowermost depth or point, arid then the 
areas of the two sides of the valley can be calculated to determine which side is 
the darker, and therefore on which side the pressure of the pen/pencil point was 
greatest as the writing was formed. This information may be used to determine 
whether the person's right or left hand was used to create the writing sample. 

[0017] Furthermore, the method may include the step of compiling the two- 

dimensional depth measurements along a continuous length of a selected stroke, 
and then panning the view so as to create a 3-dimensional image of the stroke in 
which the writing appears as a continuous valley or ridge. The relative weights of 
the two sides of the stroke can be determined by dividing the 3-dimensional image 
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vertically from its lowermost or uppermost limit and then calculating the volume of 
the valley/ridge on either side of the divide. 
[0018] These and other features of the present invention will be apparent from a 

reading of the following specification in association with the figures which are 
referred to therein. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] FIG. 1 is a reproduction of a sample of handwriting, marked with lines to 

show the major elements of the writing and the upstroke slants thereof, this being 
intended for purposes of illustration only, and not being intended as a technically 
accurate representation of the actual slant angles of the strokes; 

[0020] FIG. 2 is an angle scale having areas which designate a writer's emotional 

responsiveness based on the angle of the upstrokes, with the dotted line therein 
showing the average of the slant angles in the handwriting sample of FIG. 1; 

[0021] FIG. 3 is a block diagram showing the steps of obtaining a digital image of 

the handwriting specimen and then analyzing the relevant characteristics thereof, 
in accordance with the method of the present invention; 

[0022] FIG. 4 is a reproduction of a sample of handwriting as this is displayed on a 

computer monitor in accordance with the present invention, showing exemplary 
cursor markings on which the measurements are based, and also showing a 
summary of the relative slant frequencies which are categorized by sections of the 
slant gauge of FIG. 2; 

[0023] FIG. 5 is a portion of a comprehensive trait inventory produced for the 

writing specimen of FIG. 3 in accordance with the method of the present 
invention; 

[0024] FIG. 6 is a trait profile comparison produced in accordance with the method 

of the present invention by summarizing the trait inventories in FIG. 4; 

[0025] FIG. 7 is a reproduction of a computer-generated image of a portion of the 

handwriting specimen, with this being manipulated by the system to produce a 
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three-dimensional image in which the strokes of the writing appear as channels or 
valleys in the paper; 

FIG. 8 is a two-dimensional image showing a "valley" which represents 
increasing and decreasing gray-scale darkness/intensity which is measured 
across a stroke of the writing, showing the manner in which the two sides of the 
image are weighted relative to one another to ascertain the angle at which the 
writing instrument engaged the paper as the stroke was made; and 

FIG. 9 is a screen shot showing a two-dimensional digitized image of a 
DNA test result and the DNA test result rendered into a three-dimensional image 
based on its gray scale density pattern variation. 

DETAILED DESCRIPTION 

[0028] As was noted above, the present invention represents an important 

advance over prior art graphoanalytical techniques, in that this employs software- 
directed methodology to measure the relevant elements and characteristics of a 
digitized image of the handwriting sample, thereby eliminating the inaccuracies, 
inconsistencies, and subjective factors which are present when measurements 
are performed manually. The method steps and flow charts described herein 
constitute a disclosure of the best mode and preferred embodiment of the 
invention known to applicants at the time of filing, and moreover these provide 
sufficient information for a person having ordinary skill in the art of computer 
programming to produce the software for carrying out the present invention, using 
an IBM PC, Apple Macintosh™, or other suitable computer and associated "off- 
the-shelf hardware, without requiring any significant degree of development work 
or testing on the part of such person. 
1. Measurements 

[0029] Two of the principal measurements carried out by the system of the present 

invention are (a) the slant angles of the stokes in the handwriting, and (b) the 
relative heights of the major areas of the handwriting. These angles and heights 
are illustrated in FIG. 1, which shows a handwriting sample 10 having a base line 
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12 from which the other measurements are taken; in the example shown FIG. 1, 
the base line is drawn beneath the entire phrase sample 10 for ease of 
illustration, but it will understood that in most instances, the base line will be 
determined separately for each stoke or letter in the sample. 

[0030] A first area above the base line, up to line 14 in FIG. 1 defines what is 

known as the mundane area, which extends from the base line to the upper limit 
of the lower case letters; the mundane area is considered to represent the area of 
thinking, habitual ideas, instincts and creature habits, and also the ability to 
accept new ideas and the desire to communicate them. 

[0031] The extender letters continue above the mundane area, to an upper line 16 

which defines the limit of what is termed the abstract area, which is generally 
considered to represent that aspect of the writer's personality which deals with 
philosophies, theories, and spiritual elements. 

[0032] Finally, the area between base line 12 and the lower limit line 18 defined 

by the descending letters (e.g., "g", "y", and so on) is termed the material area, 
which is considered to represent such qualities as determination, material 
imagination, and the desire for friends, change, and variety. 

[0033] The base line also serves as the reference for measuring the slant angle of 

the strokes forming the various letters. As can be seen in FIG. 1, the slant is 
measured by determining a starting point where a stroke lifts off the base line (in 
FIG. 1, see each of the upstrokes) and an ending point where the stroke ceases 
to rise, and then drawing a line (20a, 20b, 20c, 20d . . . , in FIG. 1) between these 
points and determining the angle O to the base line. 

[0034] The angles are summed and divided to determine the average slant angle 

for the sample. This average is then compared with a standard scale, or "gauge", 
to assess that aspect of the subject's personality which is associated with the 
slant angle of his writing. For example, FIG. 2 shows one example of a "slant 
gauge", which in this case has been developed by the International 
Graphoanalysis Society (IGAS), Chicago, Illinois. As can be seen, this is. divided 
into seven areas or zones — "F-", "FA", "AB", "BC", "CD", "DE" and "E+" — with 
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each of these corresponding on a predetermined basis to some aspect or quality 
of the writer's personality; for example, the more extreme angles to the right of the 
gauge tend to indicate increasing emotional responsiveness, whereas more 
upright slant angles are an indication of a less emotional, more self-possessed 
personality; for example, the slant which is indicated by dotted line 22 lies within 
the zone U BC", which is an indication that the writer, while tending to respond 
somewhat emotionally to influences, still tends to be mostly stable and level- 
headed in his personality. 
2. Method Steps 

[0035] The flow chart in FIG. 3 illustrates the basic steps which are undertaken in 

the measurement and analysis of a handwriting sample in accordance with the 
present invention. Those steps above dotted line 30 in FIG. 3 may be performed 
either locally or at a remote site, using standardized scanning equipment, while 
those steps below the dotted line are preferably performed locally on the 
graphoanalysts receiving computer, which is loaded with software to implement 
the method steps of the present invention. 

[0036] Accordingly, as can be seen in FIG. 3, the first step in the process is to 

scan a handwriting sample 32 using a digital camera or scanner 34 to create a 
digital bit-map file (block 36); for accuracy, it is preferred that the scanner have a 
reasonably high level of resolution, e.g., a scanner having a resolution of 
1,000 bpi has been found to provide highly satisfactory results. These first two 
steps can be performed using conventional scanning equipment of this type, such 
as a flatbed or hand-held digital scanner for example, which are normally supplied 
by the manufacturer with suitable software for generating the bit-map file. 

[0037] The bit-map file is next transmitted via a telephone modem or other data 

transmission link 38 to the analysis platform, which in FIG. 3 is represented by the 
area lying below dotted line 30. As was noted above, the analysis steps are 
performed using a computer (e.g., a suitable PC or Macintosh™ system) which 
has been loaded with software for carrying out the steps described below. 
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[0038] The initial step in the analysis phase of the process is to read in the digital 

bit-map file which has been transmitted from the scanner system, and to display 
this on the computer monitor for marking with the cursor (40). As a preliminary to 
conducting the measurements, the operator performs a dimensional calibration of 
the system (42); this can be done by placing a scale (e.g., a ruler) or drawing a 
line of known length (e.g., 1 centimeter, 1 inch, etc.) on the sample, then marking 
the ends of the line using a cursor and calibrating the display to the known 
distance; also, in some embodiments the subject may be asked to produce the 
handwriting sample on a form having a pre-printed calibration mark, which 
approach has the advantage of achieving an extremely high degree of accuracy. 

[0039] After dimensional calibration, the user takes the desired measurements 

from the sample, using a cursor on the monitor display as shown in FIG. 4. To 
mark each measurement point, the operator moves the cursor across the image 
which is created from the bit-map, and uses this to mark selected points on the 
various parts of the strokes or letters in the specimen. 

[0040] To obtain the angle measurement (block 44 in FIG. 3), the operator first 

establishes the relevant base line; since the letters themselves may be written in 
a slant across the page, the slant measurement must be taken relative to the base 
line and not the page. To obtain slant measurements for analysis by the IGAS 
system, the base line is preferably established for each stroke or letter, by pinning 
the point where each stroke begins to rise from its lowest point. 

[0041] In a preferred embodiment of the invention, the operator is not required to 

move the cursor to the exact lowest point of each stroke, but instead simply 
"clicks" a short distance beneath this, and the software generates a "feeler" cursor 
which moves upwardly from this location to the point where the writing (i.e., the 
bottom of the upstroke) first appears on the page. To carry out the "feeler" cursor 
function, the software reads the "color" of the bit-map, and assumes that the 
paper is white and the writing is black: If (moving upwardly) the first pixel is found 
to be white, the software moves the cursor upwardly to the next pixel, and if this is 
again found to. be white, it goes up another one, until finally a "black" pixel is 
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found which identifies the lowest point of the stroke. When this point is reached, 
the software applies a marker (e.g., see the "plus" marks in FIG. 4), preferably in 
a bright color so that the operator is able to clearly see and verify the starting 
point from which the base line is to be drawn. 

[0042] After the starting point has been identified, the software generates a line 

(commonly referred to as a "rubber band") which connects the first marker with the 
moving cursor. The operator then positions the cursor beneath the bottom of the 
adjacent downstroke (i.e., the point where the downstroke stops descending), or 
beneath next upstroke, and again releases the feeler cursor so that this extends 
upwardly and generates the next marker. When this has been done, the angle at 
which the "rubber band" extends between the two markers establishes the base 
line for that stroke or letter. 

[0043] To measure the slant angle, the program next generates a second "rubber 

band" which extends from the first marker (i.e., the marker at the beginning of the 
upstroke), and the operator uses the moving cursor to pull the line upwardly until 
it crosses the top of the stroke. Identifying the end of the stroke, i.e., the point at 
which the writer began his "lift-off' in preparation for making the next stroke, can 
be done visually by the operator, while in other embodiments this determination 
may be performed by the system itself by determining the point where the density 
of the stroke begins to taper off, in the manner which will be described below. In 
those embodiments which rely on visual identification of the end of the stroke, the 
size of the image may be enlarged (magnified) on the monitor to make this step 
easier for the operator. 

[0044] Once the angle measuring "rubber band" has been brought to the top of the 

stroke, the cursor is again released so as to mark this point. The system then 
determines the slant of the stroke by calculating the included angle between the 
base line and the line from the first marker to the upper end of the stroke. The 
angle calculation is performed using standard geometric equations. 

[0045] As each slant angle is calculated, this is added to the tally of strokes falling 

in each of the categories (block 46 in FIG. 3), e.g., the seven categories of the 
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"slant gage" shown in FIG. 2. For example, if the calculated slant angle of a 
particular stroke is 60°, then this is added to the tally of strokes falling in the "BC" 
category. Then, as the measurement of the sample progresses, the number of 
strokes in each category and their relative frequencies is tabulated for 
assessment by the operator; for example, in FIG. 4, the number of strokes out of 
100 falling into each of the categories F-, FA, AB, BC, CD, DE and E+ are 10, 36, 
37, 14, 3, 0 and 0, respectively. The relative frequencies of the slant angles 
(which are principally an indicator of the writer's emotional responsiveness) are 
combined with other measured indicators to construct a profile of the individual's 
personality traits, as will be described in greater detail below. 

[0046] As is shown at block 48 in FIG. 3, the next major step is to obtain the height 

measurements of the various areas of the handwriting, e.g., the relative heights of 
the mundane area, abstract area, and material area. Although for purposes of 
discussion this measurement is described as being carried out subsequent to the 
slant angle measurement step, the system of the present invention is preferably 
configured so that both measurements are carried out simultaneously, thus 
greatly enhancing the speed and efficiency of the process. 

[0047] Accordingly, as the operator pulls the "rubber band" line to the top of each 

stroke using the cursor and then releases the feeler cursor so that this moves 
down to mark the top of the stroke, the "rubber band" not only determines the 
slant angle of the stroke, but also the height of the top of the stroke above the 
base line. In making the height measurement, however, the distance is 
determined vertically (i.e., perpendicularly) from the base line, rather than 
measuring along the slanting line of the "rubber band". 

[0048] As was noted above, the tops of the strokes which form the "ascender 

letters" define the abstract area, while the heights of the strokes forming the lower 
letters (e.g., "a", "e") and the descending (e.g., "g", "p", "y") below the base line 
determine the mundane and material areas. Differentiation between the strokes 
measured for each area (e.g., differentiation between the ascender letters and the 
lower letters) may be done by the user (as by clicking on only certain categories 

[00000-0000/Application.doc] -12- 5/20/02 



of letters or by identifying the different categories using the mouse or keyboard, 
for example), or in some embodiments the differentiation may be performed 
automatically by the system after the first several measurements have established 
the approximate limits of the ascender, lower, and descender letters for the 
particular sample of handwriting which is being examined. 

[0049] As with the slant angle measurements, the height measurements are tallied 

(block 50 in FIG. 3) for use by the graphoanalyst. For example, the heights can 
be tallied in categories according to their absolute dimensions (e.g., a separate 
category for each 1/16 inch), or by the proportional relationship between the 
heights of the different areas. In particular, the ratio between the height of the 
mundane area and the top of the ascenders (e.g., 2 x the height, 2V* x, 3 x, and so 
on) is an indicator of interest to the graphoanalyst. 

[0050] The depth measurement phase of the process, as indicated at block 52 in 

FIG. 3, differs from the steps described above, in that what is being measured is 
not a geometric or dimensional aspect of each stroke (e.g., the height or slant 
angle), but is instead a measure of its intensity, i.e., how hard the writer was 
pressing against the paper when making that stroke. This factor in turn is used to 
"weight" the character trait which is associated with the stroke; for example, if a 
particular stroke indicates a degree of hostility on the part of the writer, then a 
darker, deeper stroke is an indicator of a more intense degree of hostility. 

[0051] While graphoanalysts have long tried to guess at the pressure which was 

used to make a stroke so as to use this as a measure of intensity, in the past this 
has always been done on an "eyeball" basis, resulting in extreme inconsistency of 
results. The present invention eliminates such inaccuracies: In making the depth 
measurement, a cursor is used which is similar to that described above, but in this 
case the "rubber band" is manipulated to obtain a "slice" across some part of the 
pen or pencil line which forms the stroke. Using a standard grey scale (e.g., a 
256-level grey scale), the system measures the darkness of each pixel along the 
track across the stroke, and compiles a list of the measurements as the darkness 
increases generally towards the center of the stroke and then lightens again 
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towards the opposite edge. The darkness (absolute or relative) of the pixels 
and/or the width/length of the darkest portion of the stroke are then compared with 
a predetermined standard (which preferably takes into account the type of 
pen/pencil and paper used in the sample), or with darkness measurements taken 
at other areas or strokes within the sample itself, to provide a quantifiable 
measure of the intensity of the stroke in question. 
[0052] As is shown in FIG. 8, the levels of darkness measured along each cut may 

be translated to form a two-dimensional representation of the "depth" of the 
stroke. In this figure (and in the corresponding monitor display), the horizontal 
axis represents the linear distance across the cut, while the vertical axis 
represents the darkness which is measured at each point along the horizontal 
axis, relative to a base line 60 which represents the color of the paper (assumed 
to be white). 

[0053] Accordingly, the two-dimensional image forms a valley V which extends 

over the width "w" of the stroke. For example, for a first pixel measurement "a" 
which is taken relatively near the edge of the stroke, where the pen/pencil line is 
somewhat lighter, the corresponding point "d" on the valley curve is a 
comparatively short distance "d/ below the base line, whereas for a second pixel , 
measurement "c" which taken nearer to the center of the stroke where the line is 
much darker, the corresponding point "d" is a relatively greater distance "d 2 " 
below the base line, and so on across the entire width V of the stroke. The 
maximum depth "D" along the curve V therefore represents the point of maximum 
darkness/intensity along the slice through the stroke. 

[0054] As can be seen at block 54 in FIG. 3, the depth measurements are tallied 

in a manner similar to the angle and height measurements described above, for 
use by the graphoanalyst by comparison with predetermined standards. 
Moreover, the depth measurements for a series of slices taken more-or-less 
continuously over part or all of the length of the stroke may be compiled to form a 
three-dimensional display of the depth of the stroke (block 56 in FIG. 3), as which 
will be described in greater detail below. 
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[0055] Referring to blocks 46, 50, and 54 in FIG. 3, the system thus assembles a 

complete tally of the angles, heights, and depths which have been measured from 
the sample. As was noted above, the graphoanalyst can compare these results 
with a set of predetermined standards so as to prepare a graphoanalytical trait 
inventory, such as that which is shown in FIG. 5, this being within the skill of a 
graphoanalyst having ordinary skill in the relevant art. 

[0056] The trait inventory can in turn be summarized in the form of the trait profile 

for the individual (see FIG. 6), which can then overlaid on or otherwise displayed 
in comparison with a standardized or idealized trait profile. For example, the bar 
graph 58 in FIG. 6 compares the trait profile which has been determined for the 
subject individual against an idealized trait profile a "business consultant", this 
latter having been established by previously analyzing handwriting samples 
produced by persons who have proven successful in this type of position. 
Moreover, in some embodiments of the present invention, these steps may be 
performed by the system itself, with the standards and/or idealized trait profiles 
having been entered into the computer, so that this produces the trait 
inventory/profile without requiring intervention of the human operator. 
3. 3-D Stroke Analysis 

[0057] The primary advantages of those aspects of the process which have been 

described above are that these enable the graphoanalyst to acquire, manipulate, 
and analyze certain measurements in a far faster, more efficient, and accurate 
manner than has been possible in the past. However, as was noted above, the 
compilation of "depth" measurements to produce a "3-dimensional" display of the 
stroke depth provides the graphoanalyst with an entirely new analysis tool, which 
before now has not been available in any form whatsoever. 

[0058] Specifically, by compiling a substantially continuous series of the 2-D depth 

"valleys" and then panning of the view, a 3-dimensional display of the writing 
which can be produced as is shown in FIG. 7. In this view, the writing appears in 
the form of a "3-D" valley or groove across the paper, wherein the greatest depths 
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represent those areas where the pressure on the pen/pencil point was the 
greatest when the writing was formed. 

[0059] Thus, by examining of the 3-D image, the graphoanalyst is able to 

ascertain whether the pen/pencil tip was being either "pushed" or "dragged" by 
the writer's hand through a particular stroke or portion of a stroke, which in turn 
makes it possible to ascertain whether the writer was using his right or left hand, 
this being primarily of interest when trying to determine the identity of a writer or 
the authenticity of a writing (despite past efforts, this capability, i.e., the ability to 
accurately determine whether the writer was right or left handed, has never really 
existed in the graphoanalytical art prior to the present invention). Areas of the 
writing which are especially indicative of the angle/direction of pressure on the 
pen/pencil point are the loops of letters and other tight turns, where the present 
invention renders it highly evident whether the pen/pencil was being pushed or 
pulled through the curve. 

[0060] Furthermore, this aspect of the present invention makes it possible to make 

these and related determinations in a truly quantitative manner. As can be seen 
in FIG. 8, this is accomplished by determining the lowermost point or bottom "e" of 
the valley, and then calculating the areas Al and A2 on either side of a dividing 
line T which extends upwardly from the bottom of the valley, perpendicular to the 
plane of the paper surface: that side having the greater area (e.g., Ai in FIG. 8) 
represents that side of the stroke on which the pressure of the pen/pencil point 
was greater, and therefore indicates which hand the writer was using to form the 
stroke or other part of the writing. 

[0061] As a further step, the areas Al, A2 can be compiled and integrated over a 

continuous section of the writing. Conceptually, the line T thus forms a divider 
plane or "wall" which separates the two sides of the valley. The relative weights 
of the two sides can then be determined by calculating the respective volumes, in 
a manner somewhat analogous (conceptually) to filling the area on either side of 
"wall" with water. For the convenience of the user, the "water" can be represented 
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graphically during this step by using a contrasting color (e.g., blue) to alternately 
fill each side of the "valley" in the 3-D display. 

[0062] In another embodiment of the present invention, the two dimensional 

analysis method is a process of obtaining an electronic or digital image of the 
item, image, sample, or area of interest; utilizing the gray scale density 
information associated with such electronic image to render a more useable 
image; documenting the analysis results electronically as a computer based file; 
and providing the more useable image and relevant analysis results. 

[0063] The image rendering process converts the gray scale of the input image to 

a virtual three dimensional surface for visualization and measurement of gray 
scale density values in the original image. An 8-bit data structure is capable of 
identifying 256 different levels of gray scale density, in contrast to the human eye, 
which is capable of distinguishing only approximately 30 different levels of gray 
scale density. Moreover, gray scale density interpretation by the human eye 
suffers from additional limitations, e.g., optical illusions, such as certain adjacency 
affects that can cause misperception of gray scale density. 

[0064] The electronic or digital image may be an 8 bit, 256 gray scale image of 

.bmp, .tif, .ppm, .pgm, or a variety of other file types. Other electronic image types 
such as 24 bit color or Jpg images may also be converted by commonly available 
image processing software to a file type and bit size suitable for the rendering and 
analysis methodology described herein. The file types may be non-compressed 
file types to avoid loss of image data (which occurs in data compression 
algorithms used to generate data compressed files). 

[0065] Suitable electronic images may be obtained by directly digitizing a sample, 

importing data files of existing electronic images, and/or converting data files to a 
useable file type. Existing electronic image files can be imported, and analog 
images such as film photographs or x-rays can be converted to electronic form by 
use of commonly available electronic scanners and desktop computers. Scanners 
are also useful for digitizing two-dimensional objects, such as written documents 
(e.g., checks, faxes, letters, contracts, etc.), fingerprints, blood, spatter, etc. Such 
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flexibility permits the rendering and analysis methodology to be applied to a wide 
variety of image analysis applications. 
[0066] For example, a virtual three dimensional rendering may be generated of an 

DNA test for detailed visualization and analysis. As shown in FIG. 9, image 100 is 
a digitized two dimensional image of an DNA test. Image 1 00 is representative of 
an autorad resulting from an RFLP analysis. Among other things, the RFLP 
analysis utilizes x-ray film to produce the dark bands shown in image 100. Since 
accurate interpretation of autorads requires accurately visualizing the dark bands, 
a virtual three dimensional image 102 can be generated to enhance visualization 
using the gray scale density pattern of image 100. The surface contour or z-axis 
of image 102 is associated with the gray scale density variation within image 100. 
The various "height" of the surface contour may be assigned different colors to 
further enhance visualization of the different gray scale densities at different 
locations within image 102. Moreover, the viewer may modify the viewing angle, 
perspective, and/or area of interest of image 102. As shown in FIG. 9, a smaller 
area of interest and a non-top view of image 102 is shown relative to image 101 
(in other words, the scale and viewing perspective of images 101 and 102 are not 
identical). 

[0067] It is to be recognized that various alterations, modifications, and/or 

additions may be introduced into the constructions and arrangements of parts 
described above without departing from the spirit or ambit of the present 
invention. 
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